In our organization, PCT has been available with microbiology approval for over 5 years. We evaluated how this biomarker had been used in our older population (defined as over 65 by the WHO) to provide a picture of how this test can be used in to aid diagnosis and treatment in a district hospital setting.
Methods
Retrospective case notes review was carried out on all patients over the age 65 who had a PCT taken over a 3 month period between 1 st April 2014 and 7 th July 2014. PCT was measured in the microbiology laboratory during routine working hours using the Brahms Vidas EIA method (bio-Mérieux, Basingstoke, UK). The Royal Hampshire County Hospital a district general in the south of England with approximately 300 beds; Inclusion criteria was any patient on a medical or surgical ward over the age of 65. This age criteria were set in line with the WHO definition and ensure complex patients were captured in the data collection. Patients in Intensive care were excluded. Intensive care patients by definition have multiple organ failure and are a more distinct group. Work has been carried out specifically looking at PCT in the ITU setting [1] where patients had serial PCTs only the initial one was included in this analysis. Repeat PCT was not specifically looked at unless a patient had deteriorated and required by the clinician who was directly looking after the patient. PCT has been used as a rule-in rule-out test for infection and we felt that the paper should focus more on its "real life" application and use within our hospital. To focus in on the application of the PCT on clinical practice data on White Cell Count (WCC), CRP, antibiotic use, cultures (taken 48 hours prior to PCT and 24 hours post PCT) and infective foci was also collected to gain an impression of the type of patients PCT was used for the their presentation.
At any time during or after admission, discussion with microbiology was required before a PCT test could be run to ensure appropriate patients were being tested. Patients were eligible for a PCT if they had a potential infective source, or symptom and did not fit the criteria for SIRS (defined as two of the following -a temperature >38.3 or <36°C, a respiratory rate >20 min -1 /PaCO 2 <32 mmHg (4.3 kpa), heart rate >90 bpm /WCC <4 x 109/l or >12 x 109/l). In patients that had died with a negative PCT, death certificates and further notes were obtained.
Results
PCT was measured in 55 patients aged 66-98. The most common potential septic source was chest (19 patients), following skin and soft tissue (9 patients) and genitourinary (6 patients). Other indications included potential discitis, septic arthritis, CNS infection, endocarditis, pyrexia of unknown origin and gastrointestinal infection. 
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Short Report
Summary Procalcitonin (PCT) is a biomarker that increases in bacterial infection and sepsis. Recent meta-analysis has supported its use in older patients. We evaluated the real life use of PCT in 55 older patients (defined as over 65) in a district general hospital in the UK, with retrospective case notes review over a 3 month period. PCT was negative (<0.25 µg/L) in 39/55 (70.9%). In this group, 64.1% were not started on antibiotics and 20.5% had antibiotic treatment stopped. This paper highlights the use of PCT can assist antimicrobial stewardship in a complex population who are vulnerable to the development of Clostridium difficile and other resistant infections.
PCT was negative (<0.25 µg/L) i.e., not supporting bacterial infection in 39/55 (70.9%). Figure 1 shows the correlation of WCC and CRP in the group with a negative PCT. In this group, 64.1% were not started on antibiotics and 20.5% had antibiotic treatment stopped. One patient had antibiotic treatment started and 12.8% continued on antibiotics despite a low PCT value.
Eight of the 39 patients with a negative PCT had a positive microbiological culture, all of these were from a non-sterile site in the preceding 48 hours and 24 hours after the PCT was taken. Six of these were urine cultures, and two were wound/skin swabs. Of the six urine cultures four were deemed to be colonized (scanty growth, mixed growth, Pseudomonas and Candida in catheter samples). The remaining two were a Proteus and Escherichia coli from MSU in two female patients where urine was not thought to be the source of infection. The two positive skin swabs represented a mixed anaerobe which is most likely a contaminant and a Staphylococcus aureus. The Staphylococcus aureus was in a patient with a wound did not look infected clinically. There were no positive cultures from normally sterile sites.
In the group where antibiotics had not been started prior to the test results, WCC was greater than 11 in 4 patients and CRP ranged from 5-249 mg/L (median 33 mg/L). In patients with a negative PCT where antibiotics were stopped, WCC was greater than 11 in 3 and CRP was 4-106 mg/L (median 21 mg/L).
Ten patients (18.2%) had died by the time the data was collected. Six patients had a positive PCT, and had been treated with antibiotics appropriately according to local guidelines and/or clinical grounds. PCT had been negative in 4 patients that had subsequently died 14-26 days after the PCT measurement.
In three patients infection was listed on the death certificate. Pneumonia was listed in two patients, and chest infection in another. The first patient died 26 days after the initial PCT, a repeat positive PCT was done the day before they died and they had received further antibiotic treatment. The second patient died 16 days after the initial PCT, they had declined further treatment and had been transferred to a nursing home for end of life care. The final patient died 14 days after the initial PCT. A repeat PCT had not been carried out on clinical grounds; several other comorbidities were listed as the cause of death in addition to pneumonia. These included heart failure, ischemic heart disease and COPD and cerebrovascular accident. In conclusion, we felt that PCT results had been appropriate at the time they were taken, and that no patient had, to our knowledge received inappropriate treatment as a result of a low PCT result.
Discussion
PCT is predominately being used to rule-out infection in older patients with low suspicion of infection in our trust. Clinicians are using this tool in patients with a low suspicion of bacterial infection, as evidenced by the fact that 64.1% had not started antibiotics pending results. Interestingly, other biomarkers such as WCC and CRP were elevated in these patients.
CRP while well evaluated as a marker of infection and is routinely used to identify infection, it can be raised in a number of clinical scenarios including trauma, malignancy and even cognitive disorders such as delirium [7] . Delerium in the older patient is a poor prognostic indicator and although multifactorial is often attributed to infection. Concern has been raised about the number of patients treated for presumed urinary tract infections due to asymptomatic bacteremia and delirium [8] . The presence of asymptomatic bacteriuria on ongoing challenge in the elderly; In keeping with other research, eight patients in this study with no urinary symptoms had a positive urinary culture [9] . Interestingly all patients with urine as the potential source had a negative PCT, and only one had a positive culture which was a Candida from a catheter sample which was regarded as colonization and not infection. Delerium was not looked at specifically at this in study, however the high proportion of negative PCTs in the context of urinary source emphasizes the issues around diagnosis and treatment in these patients.
While PCT is well evaluated in sepsis and respiratory infection, its use in more local infections such as cellulitis is less well understood [2, 10] . Cellulitis can be challenging to diagnose clinically as other conditions such as a deep vein thrombosis can mimic its presentation. The local nature of infection has raised questions over the sensitivity of serum PCT in this setting [10] [11] [12] . One patient had a Staphylococcal aureus positive culture with a negative PCT. While this was likely to represent colonization, in the context taken it, PCT should be used in caution in soft tissue infection.
Low PCT values should also always be taken in the clinical context. A low PCT don't always exclude the diagnosis of infection and in 8 patients in this cohort antibiotics were continued despite a negative PCT. In this situation serial PCT can be helpful along with clinical examination history and other biomarkers. This reinforces that PCT cannot be used in place of history, examination and clinical experience, but instead as an adjunct to try and improve diagnosis and antimicrobial stewardship.
The number of patients in our sample that had subsequently died indicates the frailty of the patient demographic where PCT was requested. Three patients who had low initial PCT passed away and infection been part of the cause of death. However these deaths happened 14-26 days after the PCT measurement, i.e., the decision to withhold antibiotics at the time of PCT measurement was correct and subsequently these patients developed potential new infections. Additionally all these had multiple and complex comorbidities. Many patients had a prolonged admission with often several courses of antibiotic treatments during their stay. In these patients antibiotic stewardship is particularly important, as these patients are vulnerable to the development of resistant infections, and Clostridium difficile.
In conclusion our results support the use of PCT in the setting of older medicine in conjunction with clinical findings, offering insight into the application of this biomarker in a district general hospital. 
